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HIERARCHICAL SEMICONDUCTOR
MEMORY DEVICE CAPABLE OF CARRYING
OUT A DISTURB REFRESH TEST ON A
MEMORY ARRAY BASIS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor memory
device, more specifically relates to a semiconductor memory
device having a test circuit for detecting leakage of a memory
cell transistor 1n a dynamic random access memory (DRAM).

2. Description of the Background Art

As a conventional test for detecting leakage of a memory
cell transistor of a semiconductor memory device, particu-
larly of a DRAM (hereinatter referred to as a disturb refresh
test), there has been, for example, a technique as described
below.

First, High (or Low) data 1s written into all memory cells.
After a write operation into all the memory cells, a given word
line 1s activated, and then an electric charge of a memory cell
1s read out onto a bit line perpendicular to the activated word
line. The read electric charge 1s amplified (a read/refresh
operation) 1 a sense amplifier circuit, whereby electric
potentials of the bit line and a complimentary bit line respec-
tively become High or Low. The situation 1s retained only for
a time period 1n which retention of data of the memory cell
can be assured (hereinafter referred to as a refresh test
period).

Under this situation, a memory cell capacitor connected to
a non-selected word line retains High data, and with respectto
such memory cell that 1s connected to a bit line having a Low
level, an electric potential difference will be generated
between a drain and a source of the memory cell transistor,
whereby a subthreshold current 1s passed through. Here, in
the case of a memory cell having a transistor whose threshold
voltage 1s low, a large amount of the subthreshold current
passes through, and consequently data cannot be retained
within a refresh test time period, and a defective cell will be
generated. Therelore, after completion of the refresh test time
period, the read operation 1s performed with respect to a test
target memory cell so as to check whether or not data 1s
accurately read out.

However, the electric potentials of the bit line and the
complimentary bit line can be set High or Low, with regard to
the memory cell connected to the non-selected word line,
only on the basis of a memory cell array which includes a
group of memory cells and a sense amplifier circuit. Further,
the above-described refresh test time period usually tends to
be set on the order of several ms or several tens of ms, which
1s substantially long compared to time periods of read-out and
write of data from and into a memory, and thus the disturb
refresh test constitutes a large proportion of a total test period
of the memory.

To solve such problem, a method for reducing the time
period of the above-described disturb refresh test has been
adopted based on a method for activating a plurality of word
lines simultaneously in accordance with a test mode, or on a
simultaneous selection of a plurality of memory cell arrays
(see, for example, U.S. Pat. Nos. 5,666,317,5,574,691, 5,519,
659 specification).

Along with process refinement and speedup 1n recent
years, a unit of the memory cell array 1s scaled down, and as
a result, the number of the memory cell arrays are increased.
Further, 1n order to realize a large memory capacity with a
small chip area, a memory having a hierarchical bit line
structure, for example, a DRAM, has been introduced. In such
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2

memory, a plurality of sub-bit line pairs are provided so as to
correspond to one main bit line pair, and each of the sub-bit
line pairs 1s connected to the main bit line pair via two selec-
tion transistors.

However, 1n the memory having the above-described hier-
archical bit line structure, 1n the case where a unit of the
hierarchical bit line 1s set as a sub-memory cell array, a sub-bit
line 1n a non-selected sub-memory cell array 1s electrically
separated from a main bit line, even in a common memory cell
array. Therefore a suificient electric potential difference can-
not be applied between the source and the drain of the
memory cell transistor. Therefore, a test 1s required on the
sub-memory cell array basis, which causes a problem of
significant increase 1n a test time period and a test cost.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention 1s to provide a
semiconductor memory device which realizes reduction 1n
the test time period by performing the disturb refresh test in a
hierarchical bit line structure on the basis of the memory cell
array including a main bit line.

The present mvention 1s directed to a semiconductor
memory device having a plurality of memory cell arrays each
of which composes a group of memory cells and a sense
amplifier circuit. To attain the above-described object, 1n the
semiconductor memory device of the present invention, each
of the plurality of memory cell arrays includes: a plurality of
sub-memory cell arrays; sub-bit lines respectively allocated
in each of the plurality of sub-memory cell arrays, and con-
nected to the group of memory cells; a main bit line allocated
in said each of the plurality of memory cell arrays and con-
nected to the sub-bit lines via selection switches and also
connected to the sense amplifier circuit; and means for acti-
vating, in accordance with a test mode signal externally input-
ted, each of the selection switches allocated 1in said each of the
plurality of memory cell arrays.

Alternatively, to attain the above-described object, 1n the
semiconductor memory device of the present invention, each
of the plurality of memory cell arrays includes: a plurality of
sub-memory cell arrays; sub-bit lines respectively allocated
in each of the plurality of sub-memory cell arrays, and con-
nected to the group of memory cells; a main bit line allocated
in said each of the plurality of memory cell arrays and con-
nected to the sub-bit lines via selection switches and also
connected to the sense amplifier circuit; means for, among the
selection switches 1n the plurality of sub-memory cell arrays
allocated 1n a memory cell array selected from among the
plurality of memory cell arrays, activating a selection switch
in a selected sub-memory cell array which includes a selected
word line, and deactivating selection switches in non-selected
sub-memory cell arrays each of which does not include the
selected word line, 1n accordance with a test mode signal, an
address signal, and an operation activation signal which are
externally inputted; and means for re-activating the selection
switches 1n the non-selected sub-memory cell arrays allo-
cated 1n the selected memory cell array after deactivation
thereof.

Here, 1t 1s preferable that the selection switches 1n the
non-selected sub-memory cell arrays 1n the selected memory
cell array become non-activated at a timing before the
selected word line become activated.

Further, 1t 1s preferable that the selection switches in the
non-selected sub-memory cell arrays 1n the selected memory
cell array change from a non-activated state to an activated
state at a timing after the selected word line becomes activated
and also after the sense amplifier circuit becomes activated.
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According to the present invention, 1t 1s possible to perform
the disturb refresh test 1in the hierarchical bit line structure on
the basis of the memory cell array including a main bit line,
thereby enabling reduction 1n the test time period. According
to the present mnvention, the number of the sub-bit lines con-
nected to the main bit line 1s reduced at the time of the test
mode operation so as to reduce the load capacity of the bit
lines, and thus 1t 1s possible to increase the read-out electric
potential from the memory cell connected to the selected
word line, and the data of the memory cell connected to the
selected word line will not be broken.

These and other objects, features, aspects and advantages
ol the present invention will become more apparent from the
tollowing detailed description of the present invention when
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing a general configuration of a
semiconductor memory device including a memory cell sec-
tion having a hierarchical bit line structure;

FIG. 2 1s a diagram showing a timing chart of respective
signals and commands at the time of a normal mode opera-
tion;

FIG. 3 1s a diagram showing a timing chart of respective
signals and commands at the time of a test mode [1] opera-
tion; and

FIG. 4 1s a diagram showing a timing chart of respective
signals and commands at the time of a test mode [2] opera-
tion.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

Hereinafter, with reference to drawings, an embodiment of
the present invention will be described. FIG. 1 1s a diagram
showing a general configuration of a semiconductor memory
device including a memory cell section having a hierarchical
bit line structure according to one embodiment of the present
invention. In FIG. 1, the semiconductor memory device of the
present invention includes a plurality of sub-memory cell
arrays 171 to 174 (1in this example, four sub-memory cell
arrays) each of which has a unit of sub-bit lines, and a sense
amplifier circuit 2. The sub-memory cell arrays 171 to 174
respectively include a plurality of memory cell transistors for
accumulating an electric charge and sub-bit line selection

switches 141 to 144.

a main bit line 20 and a complimentary main bit line 21 are
connected to the sense amplifier circuit 2. The main bit line 20
and the complimentary main bit line 21 are electrically con-
nected to sub-bit lines 151 to 154 and complimentary sub-bit
lines 161 to 164 via sub-bit line selection switches 141 to 144,
respectively. The sub-bit line selection switches 141 to 144
are controlled by sub-bit line selection switch control signals
181 to 184.

The semiconductor memory device of the present mven-
tion performs, based on the above-described structure, a nor-
mal mode operation and test mode operations (two types) as
described below. FIG. 2 1s a diagram showing a timing chart
of respective signals and commands at the time of the normal
mode operation. FIG. 3 1s a diagram showing a timing chart of
respective signals and commands at the time of a testmode [1]
operation. FIG. 4 1s a diagram showing a timing chart of
respective signals and commands at the time of a test mode [2]
operation.

First, with reference to FI1G. 2, the normal mode operation,
in which the test mode 1s not set, will be described. At the time
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4

of the normal mode operation, a test mode signal 1s set at a
Low level. When a memory operation 1s on standby, 1f all the
sub-bit line selection switches 141 to 144 are in an activation

state, and a pre-charge level 1s at a VDD)/2 level, the main bit
line 20 and the sub-bit lines 151 to 154 are also at the VDD/2
level.

An 1nternal operation 1s started 1n a next cycle by an exter-
nal input command of NRAS and an address signal. With this
operation, a sub-memory cell array including a selected word
line performs a different operation from the remaining sub-
memory cell arrays even 1n an activated memory cell array.
Here, 1n the case where a word line 122 1s selected, the
sub-memory cell array 171 will be selected, and the remain-
ing sub-memory cell arrays 172 to 174 will be non-selected
sub-memory cell arrays. A bit line equalizing circuit (not
shown) included 1n the sense amplifier circuit 2 causes the
sub-bit line selection switches 142 to 144 1n the non-selected
sub-memory cell arrays 172 to 174 to be 1n a non-activated
state, at the same timing as the non-selected state.

Accordingly, non-selected sub-bit lines 152 to 154 and
non-selected complimentary sub-bit lines 162 to 164 can be
separated from the main bit line 20 and the complimentary
main bit line 21, and thus 1t 1s possible to reduce a total load
capacity of the bit lines. Accordingly, 1t becomes possible to
increase a read-out electric potential from the memory cell.
Further, the selected word line 122 1s activated, whereby data
1s read out from the memory cell on the selection sub-bit line
151, which 1s kept connected to the main bit line 20, and then
amplified at the sense amplifier circuit 2. During this time
period, each of the non-selected sub-bit lines 152 to 154 1s
clectrically separated, and thus 1 a high impedance state
(Hi-z). After the selected sub-bit line 151 is sufficiently
amplified, the word line 122 1s caused to be 1n a non-activated
state, and then equalizing of the bit lines 1s started and sub-bit
line selection switches 142 to 144 1n the non-selected sub-
memory cell arrays 172 to 174 are returned to the activated
state.

Next, with reference to F1G. 3, the test mode [1] operation,
in which a first test mode 1s set, will be described. The test
mode [1] operation 1s different from the normal mode opera-
tion (FIG. 2)1n that atestmode signal 1s set at a High level and
that the sub-bit line selection switches 142 to 144 1n non-
selected sub-memory cell arrays 172 to 174 remain to be 1n
the activated state.

At the time of the normal mode operation, when the 1nter-
nal operation 1s started, the sub-bit line selection switches 142
to 144 1n the non-selected sub-memory cell arrays 172 to 174
are controlled to be 1n the non-activated state. On the other
hand, at the time of the test mode [1] operation, the sub-bit
line selection switches 142 to 144 1n the non-selected sub-
memory cell arrays 172 to 174 remain to be 1n the activated
state. Therelfore, read-out of the data from the memory cell
and amplification in the sense amplifier circuit 2 are per-
formed 1n a state where all the sub-bit lines 151 to 154 are

connected to the main bit line 20 via the sub-bit line selection
switches 141 to 144.

Therefore, 1n the normal mode operation, the suificient
clectric potential difference 1s not provided between the
source and the drain of each of the memory cell transistors of
the non-selected sub-memory cell arrays, and there has been
a problem of a increased disturb refresh test time since the
disturb refresh test cannot be performed to the memory cell.
However, according to the present invention, with the use of
the above-described test mode [1] operation, non-selected
sub-bit lines are also oscillated to the High level or the Low
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level, and thus it 1s possible to perform a test on the memory
cell array basis, and consequently to reduce the test time
period.

Next, with reference to FIG. 4, the test mode [2] operation,
in which a second test mode 1s set, will be described. The
internal operation 1s started by the external input command of
the NRAS and the address signal. With this operation, as with
the normal mode operation, a different control 1s performed
between the sub-memory cell array including the selected
word line and the remaining sub-memory cell arrays even in
an activated memory cell array. Here, 1n the case where a
word line 122 1s selected by the external input address, the
sub-memory cell array 171 will be selected, and the remain-
ing sub-memory cell arrays 172 to 174 will be non-selected
sub-memory cell arrays. The sub-bit line selection switch
control signals 182 to 184 1n the non-selected sub-memory
cell arrays 172 to 174 causes the sub-bit line selection
switches 142 to 144 to be 1n a non-activated state in accor-
dance with a start of the internal operation. A control of
connecting only the selected sub-bit line 151 to the main bit
line 20 1s performed 1n the same manner as the normal mode.

The read-out of the data from the memory cell on the
selected sub-bit line 151 and the amplification by the sense
amplifier circuit 2 are then performed. Here, after the selected
sub-bit line 151 and the main bit line 20 are sufficiently
amplified, the sub-bit line selection switches 142 to 144 are
again caused to be activated. Accordingly, the amplitudes of
the selected sub-bit line 151 and the main bit line 20 tempo-
rarily decreases in both of a High level side and a Low level
side, but data will not be broken because the sense amplifier
circuit 2 1s 1n a activated state, and also because the amplitude
of the bit line has been sulficiently amplified.

Accordingly, in the test mode [2] operation, as with the test
mode [1] operation, the non-selected sub-bit lines also oscil-
late to the High level or the Low level, whereby 1t 1s possible
to perform a test on the memory cell array basis, and to reduce
the test time period. Further, 1n the test mode [1] operation,
since the non-selected sub-bit lines are connected when the
data of the memory cell 1s read out on the selected sub-bit line,
a total load capacity of the bit lines will increase compared to
the time of the normal mode operation, and 1t 1s also highly
likely to cause erroneous read-out of the data. On the other
hand, in the test mode [2] operation, when the data 1s readout,
it 1s possible to prevent an increase 1n the load capacity of the
bit lines at the same timing as the normal operation and to
perform the disturb refresh test for the non-selected bit lines.

As above described, according to the semiconductor
memory device based on the one embodiment of the present
invention including memory cell sections each of which has
the hierarchical bit line structure, 1t 1s possible to perform the
disturb refresh test in the hierarchical bit line structure on the
basis of the memory cell array including the main bit lines,
thereby enabling reduction of the test time period. Further,
according to the present invention, the number of the sub-bit
lines connected to the main bit line 1s reduced at the time of
the test mode operation so as to reduce the loads of the bit
lines, and thus it 1s possible to increase the read-out electric
potential from the memory cell connected the selected word
line, and the data of the memory cell connected to the selected
word line will not be broken.
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While the invention has been described 1n detail, the fore-
going description 1s 1n all aspects 1llustrative and not restric-
tive. It 1s understood that numerous other modifications and
variations can be devised without departing from the scope of
the mnvention.

What 1s claimed 1s:

1. A semiconductor memory device having a plurality of
memory cell arrays each of which composes a group of
memory cells and a sense amplifier circuit, wherein

cach of the plurality of memory cell arrays includes:

a plurality of sub-memory cell arrays;

sub-bit lines respectively allocated 1n each of the plural-
ity of sub-memory cell arrays, and connected to the
group of memory cells;

a main bit line allocated 1n said each of the plurality of
memory cell arrays and connected to the sub-bit lines
via selection switches and also connected to the sense
amplifier circuit; and

means for activating, in accordance with a test mode
signal externally inputted, each of the selection
switches allocated 1n said each of the plurality of
memory cell arrays.

2. A semiconductor memory device having a plurality of
memory cell arrays each of which composes a group of
memory cells and a sense amplifier circuit, wherein

cach of the plurality of memory cell arrays includes:

a plurality of sub-memory cell arrays;

sub-bit lines respectively allocated 1n each of the plural-
ity of sub-memory cell arrays, and connected to the
group ol memory cells;

a main bit line allocated 1n said each of the plurality of
memory cell arrays and connected to the sub-bit lines
via selection switches and also connected to the sense
amplifier circuit;

means for, among the selection switches in the plurality
of sub-memory cell arrays allocated 1n a memory cell
array selected from among the plurality of memory
cell arrays, activating a selection switch 1n a selected
sub-memory cell array which includes a selected
word line, and deactivating selection switches 1n non-
selected sub-memory cell arrays each of which does
not include the selected word line, 1n accordance with
a test mode signal, an address signal, and an operation
activation signal which are externally inputted; and

means for re-activating the selection switches in the
non-selected sub-memory cell arrays allocated 1n the
selected memory cell array after deactivation thereof.

3. The semiconductor memory device according to claim 2,
wherein the selection switches in the non-selected sub-
memory cell arrays in the selected memory cell array become
non-activated at a timing before the selected word line
become activated.

4. The semiconductor memory device according to claim 2,
wherein the selection switches in the non-selected sub-
memory cell arrays 1n the selected memory cell array change
from a non-activated state to an activated state at a timing after
the selected word line becomes activated and also after the
sense amplifier circuit becomes activated.
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